Purification of a Glycoprotein from Bovine-Submaxillary Glands BY KATZUTOSI NISIZAWA* AND WARD PIGMAN Univer8ity of Alabama, Medical Centre, Birmingham, 3, Alabama, U.S.A. (Received 31 July 1959) Investigations of the composition of purified mucins from salivary glands have been made by Tanabe (1939) , Blix, Svennerholm & Werner (1952) and Blix, Lindberg, Odin & Werner (1956) . Degradative procedures were employed in the preparations, since the purpose was to study the composition of the carbohydrate or of the sialic acid. A purified material was prepared by Heimer & Meyer (1956) from mucin clots obtained from extracts of bovine-submaxillary glands. A 6M-urea solution adjusted to pH 9 0 was used for the extraction of acetone-extracted material.
In earlier work from this Laboratory (Nisizawa & Pigman, 1959) , mucin clots from bovine-submaxillary glands were freeze-dried as sodium salts.
The materials retained the viscosity of the extracts and were soluble in water. The procedure was a modification of the method of Hammarsten (1888). These clots, composed of an anionic glycoprotein combined with a protein cation, precipitated between pH 3-5 and 4 0.
The present work deals with the purification and further investigation of the physical characteristics and chemical composition of the material mainly responsible for the viscous nature of the mucin clot. Two preparations obtained at intermediate stages of purification have also been analysed.
EXPERIMENTAL
Source material. In the previous work (Nisizawa & Pigman, 1959 ) the sodium salt of the bovine-submaxillary mucin clot was obtained as follows. Bovine-submaxillary glands which had been kept frozen were extracted with the dilute phosphate buffer (pH 7-0). The extract was adjusted to pH 3-5 with dilute hydrochloric acid and the resulting mucin clot was dissolved in water by the addition of a small amount of sodium hydroxide. The solution was freezedried after extensive dialysis against water. It, contained 12-8 % of sialic acid (as N:O-diacetylneuraminic acid), 8-1% of galactosamine and 3-4% of glucosamine (as Nacetylhexosamines) and nearly 74 % of protein. All work was done at 2-4°. This freeze-dried mucin was the starting material for the present study.
Chemical analyses. For qualitative determination of the sugars, paper chromatography was used after hydrolysis by 1 N-hydrochloric acid or -sulphuric acid in a boiling-water bath for 5 hr. When hydrochloric acid was used the hydrolysates were filtered and dried in a vacuum desiccator over sodium hydroxide and calcium chloride. Barium carbonate was used to neutralize sulphuric acid. The system butanolpyridine-water (5:3:2) (Yosizawa, 1953) was used as developer, and aniline hydrogen phthalate was used as the colouring reagent (Partridge, 1949) . The paper was Whatman no. 1.
Nitrogen was determined by the micro-Kjeldahl method (Clark, 1943) . Sialic acid was measured by the modified direct Ehrlich method (Pigman, Hawkins, Blair & Holley, 1958) with N-acetylneuraminic acid used as the standard. Hexosamine was analysed by the Elson-Morgan method modified by Boas (1953) . For the measurement of glucosamine and galactosamine separately, the method of Gardell (1953) was utilized. Protein was determined by both the biuret reagent (Rosenthal & Cundiff, 1956 ) and the phenol reagent , crystalline bovine-serum albumin being used as the standard. Fucose (6-deoxyhexose) was measured by the cysteine-sulphuric acid method of Dische (1955) . Hexose was determined as galactose by the anthrone method (Hanson, Schwartz & Barker, 1960) after correction for fucose. Uronic acid was measured as glucuronic acid by the Dische carbazole method (Dische, 1955 A small precipitate produced during dialysis was centrifuged off. The mucin solution contained 247 mg. of protein/ 100 ml. (biuret method) and 110 mg. of sialic acid/100 ml. The yields were 19 and 50 % respectively. As the solution was diluted during dialysis it was concentrated to half its volume by dialysis against a polyvinylpyrrolidone solution. This product was called F 1.
Purification by Sevag (1934) procedure and with ethanol.
The mucin clot (0-4 g.) was dissolved in 30 ml. of water with 3-16 g. of calcium acetate at 2-4°, and 20 ml. of 0-5M-acetic acid was added. The resulting slightly turbid solution was shaken mechanically with 100 ml. of amyl alcoholchloroform (1:3, v/v) for several minutes and then was separated from the solvent by centrifuging. The procedure was repeated many times until no inferfacial precipitate formed. Ethanol was added to the deproteinized solution in an ice-salt bath with stirring to give a final concentration of 40% (v/v) of ethanol. The resulting precipitate was removed by centrifuging at 26 360g for 15 min. and was suspended in 3-4 ml. of water and centrifuged.
A number of solutions obtained in this way from a total of 3-5 g. of mucin clot were combined to give 50 ml. To the combined solution was added a little 5 % sodium ethylenediaminetetra-acetate, pH 6-7, and the solution was dialysed for 3 days against water. The solution was adjusted to pH 8-5 by adding a little 2% sodium carbonate solution and the solutions were centrifuged at 26 360g for 20 min. The resulting solution was product F2. The yield was 3%, based on the original dry weight of mucin clot.
The supernatant of a 40 % ethanol solution from the preparation of product F2 was diluted with ethanol to 60% ethanol (v/v). The precipitate was separated and redissolved in water, and the solution was treated with sodium ethylenediaminetetra-acetate and dialysed as for product F 2. The resulting 50 ml. from 3-5 g. of mucin clot contained product F3. Its yield was 10% of the original dry mucin clot.
RESULTS
Mucin clot of the previous work from the neutral cold extracts of bovine-submaxillary glands was purified by precipitation with ethanol in the presence of calcium chloride or acetate and by the Sevag procedure. The physical properties and chemical analyses of these products are given below. Three products were isolated at different stages of the purification. These are designated as F 1, F 2 and F 3, in increasing order of purification.
Mucin-clot formation. Aqueous solutions of F 1 and F2 became turbid when adjusted to pH 3-5 with dilute hydrochloric acid, and formed a typical clot only if serum albumin had been added previously. When albumin was added to a very dilute solution of F 3 before acidification, only a turbidity appeared at pH 3-5. However, the turbid solution deposited a viscous mass at the bottom of the test tube after 18 hr. at room temperature.
Viacometry. The viscosity of product F 1 was measured in a phosphate buffer, pH 7-4, I 0-1, at 300. The viscosity was 4-64 centipoises for a 1-2 % solution (dry-weight basis). This mucin F 3 at 300 was measured in three CarnonManning capillary viscometers of quite different rates of flow (nos. 100, 200 and 300). The viscosity was 18-8 centipoises (viscosity, relative to water, 22.1), and no effect of flow rate was noticeable. This product (F3) was degraded by drying at 1000 for several hours, and the viscosity dropped from 18-8 to 12-1 centipoises. The viscosity of F3 was measured at different concentrations in water and in phosphate buffers of pH 7 4 (I 0-1 -and 0 2). The viscosity of the original mucin clot was also measured under the same conditions. These results are shown in Figs. 1 and 2 .
The intrinsic viscosity of mucin clot was. 26-3 in water and 2-0 and 1-7 at I 0-1 and 0-2 respectively. It was 64-6, 3-9 and 3-6 respectively for product F 3.
Electrophoretie behaviour. In the work by, Nisizawa & Pigman (1959) the mucin clot from bovinesubmaxillary glands separated into several components during electrophoresis at pH 10-0, whereas the resolution was poorer at pH 7-0-8-0. Therefore the electrophoretic patterns were studied at pH 10-0-11-0 in the present work. Fig. 3 shows the electrophoretic pattern of F 1 at pH 10-0. The fast-moving component with a mobility about -16 x 10-cm.2v-1 sec.-', present in the original mucin clot (Nisizawa & Pigman, 1959) , was not detectable, but the material still showed several components. In the electrophoretic pattern of product F 2, two components were still evident. Their mobilities were -6-7 and -16-5 x 1O-5 cm. 2v-sec.-'. These mobilities corresponded to those of the most slowly moving and the most rapidly moving components in the original mucin clots.
In Fig. 3 , only a single peak can be seen for productF 3, anditsmobilitywas -6-9 x 10-5cm. Ultracentrifugal characterstics. The ultracentrifugal patterns of products F I and F 3 are shown in Fig. 4 . In the pattem of F 1, two major peaks and one minor peak were still present, as in that of the original mucin clots. The pattem of F3 also showed two peaks, whereas its electrophoretic pattem showed a single peak. However, the slower peak in the pattem of F 3 represented less than 10 % of the area. The S20, , for the three peaks in F 1 are 2-15, 2-41 and 3-07 respectively and 1-88 and 2-28 for the two components in F 3. The S20 w of the corresponding peaks are sufficiently close to assume that they represent the same components in both prepaxations. However, four components were found in the electrophoretic pattern of F 1, whereas F 3 showed a single peak. From the area of the peaks, however, the faster (2-3s) component in Fig. 4 seems to represent the major substance in product F 3.
Chemical analy8es. The results of the chemical analysis of the three products are given in Table 1 . The ascending order of purity was F 1, F 2, F 3.
The purified preparation F 3 contained about 38 % of protein and 62 % of carbohydrate (comprising 32-3 % of sialic acid and 27-3 % of hexosamine). Minor components were galactose, fucose and hexuronic acid. The less-pure product F 2 consisted of almost equal amounts of protein and carbohydrates. The amount of hexosamine was larger than that of sialic acid, and galactosamine and glucosamine were found in almost equal amount.
The molar ratio of galactosamine to sialic acid was almost exactly unity for both' F2 and F3. Some of the glucosamine in F 2 seemed therefore to originate from a component other than that which was composed of an equal amount of galactosamine and sialic acid. F 2 contained 6 % of hexuronic acid and about 10 % of glucosamine. Since sulphate was absent, this composition suggested the presence of some hyaluronic acid. Table 1 . Chemical analyses of submaxillary mucin at different stages of purification Compositions are given on a dry-weight basis without correction for ash. The ester sulphate test on F2 was negative for a sample of 17 mg. dry wt. No ash was detected when a sample of F3 was ignited in a platinum crucible. On paper chromatograms of hydrolysates of mucin A and F3, definite spots for galactose, galactosamine and glucosamine were found. Spots corresponding to glucose and mannose were not detected, but those of fucose were found in traces when sulphuric acid was used for hydrolysis. This material (F 3) had an intrinsic viscosity of 3-6 in a phosphate buffer of pH 7*4, I 0-2 (Fig. 2) . The intrinsic viscosity of the original mucin clot was 1-70 under the same conditions (Fig. 1) . These intrinsic viscosities were much lower than those for the aqueous solutions and apparently are an example of the well-known electroviscous effect (Overbeek & Bungenberg de Jong, 1949) . Although the intrinsic viscosity was doubled as a result of purification, the purity of F 3 was approximately three times that of the starting mucin on the basis of the sialic acid or the galactosamine content.
Composition (%)
The intrinsic viscosity of solutions of F 3 in pure water was nearly three times that of a similar solution of the mucin clot, and the plots of log (7.p./c)/concentration were quite different ( Figs. 1 and 2). The line for the clot was straight and seemed virtually independent of concentration, but that for the purified material was a more normal curve rising with a decrease in concentration (Overbeek & Bungenberg de Jong, 1949) . These effects may have arisen in part from a change in the pH with concentration, since an aqueous 0-72 % solution was pH 4-5 and a 0-1 % solution was pH 6-0. In contrast, the solution of mucin clot in water remained in the range pH 6-0-6-8 upon dilution. However, the additional protein of the mucin clot may be a factor in the unusual constant viscosity of mucin clot.
The purified material (F 3) showed one main peak in the ultracentrifugal pattern (Fig. 4) , and a single peak in the electrophoretic pattern (Fig. 3) . The small peak in the ultracentrifugal pattern and the small amounts of glucosamine, hexose and fucose suggest that the material still is not completely homogeneous.
A principal component of the submaxillary mucin is thus a viscous substance apparently composed of about one-third of peptide units and equimolar proportions of galactosamine and sialic acid. Since the material showed a single peak in the electrophoretic pattern, even at pH 11-0, the linkage between carbohydrate and protein moieties seems to be firm, probably covalent. The product appears to belong to the glycoprotein group (Pigman, 1957) .
This material is similar to that obtained by Heimer & Meyer (1956) and has a similar optical rotation. However, the earlier product contained slightly less sialic acid and galactosamine although described as electrophoretically and ultracentrifugally homogeneous. The molar ratio of galactosamine to sialic acid was close to unity in their product also.
A less-purified material (F 2) was richer in glucosamine, galactose and fucose. The molar ratio of glucosamine to the galactosamine was as great as 0-4, even after the glucosamine content was corrected for the contribution by a presumed hyaluronic acid (based on the hexuronic acid content). The same ratio obtained for the more purified product (F3) was nearly 0-25. Nevertheless, the molar ratios of galactosamine to sialic acid were exactly unity in both F 2 and F 3. These facts suggest the presence of additional glycoproteins in addition to hyaluronic acid and the principal one comprised of equimolar amounts of galactosamine and sialic acid. SUMMARY 1. The mucin clots obtained from the extracts of bovine-submaxillary glands have been fractionated and purified. The material mainly responsible for the viscous nature of the extract has been obtained purified by the Sevag procedure and by fractionation with ethanol. It showed a single component in the electrophoretic pattern, but a small component separated from the major one in the ultracentrifugal run. The electrophoretic mobility of the product was -6-9 x 10-5 cm.2v-1 sec.-' in phosphate buffer, pH 11-0, I 0-1. The sedimentation constant of the major component was 2-28 in phosphate buffer, pH 10-0, I 0-1.
2. This material appeared to be a glycoprotein composed of about 38% of protein and 62 % of carbohydrate. Of the latter, sialic acid was 32-3 % (as the diacetyl compound) and the hexosamines were 27-3 % (as the acetyl compound). The hexosamines contained 21-6 % of galactosamine and 5.7 % of glucosamine. The molar ratio of galactosamine to sialic acid was unity, as in the original mucin clots.
3. A less-purified product obtained from the mucin clots after the treatment with the Sevag procedure appeared to contain some hyaluronic acid. Although the glucosamine content was nearly equal to the galactosamine, the molar ratio of galactosamine to sialic acid still was unity. 
